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A COMPACT 250-kV LNJECTOR 3YS(IM FOR PIGMI*

R. W. Hamm, Ralph R, Stevens, Jr., D. W. Mucller, and H. M. Lederer
Unfversity of Californi.
Los Alamos Scientific Laboratory
Los Alamos, New Moxico 87543

Summary

A 250-kV proton Injictor to be used in the develop-
ment of a linac sultable for medical applicatiens has
been constructed. This injector utilizes a spherical
Plerce geometry to produce a converging beam. A pas
insulated acceleratiny column is cantilevered on a
grounded vacuum system, wlth a scvparate high voitase
equipment dome connected to a 300-kV Cockeroft=Walton
power supply. The Injector can be operated locally or
remotely, with the remcte control accomplished by a
microprocessor system linked to a central control mini-
computer. This injcctor has been desiyned as a low-cost
compact system. The desiin deralls and the data obtafin-
cd during initial operation are presented.

The Nati.ual Canzer Institute of the U.S. Depart-
ment of Heaith. rducation aud weltare Is currently sup-
porting a progran of accelerator dovclopment at the Los
Alamos Sceicvntirie Laboratory aimed at producing small,
inexpensive, and reliuhle Tinear accelerators for ped-
ical applicatlons. The main poal of thls prograa Is to
develop a small proton linac suitable as a Plon Genera-
tor for Medfcal lrradlattcas (PIGH), althouzh the tech-
nology also has nceutron generator applicatfons., '

Although ticre are aany fnnevations in thils exten=-
sion of linac technelowv, =he most fapertant with re-
spect Ln the Injectnr {5 the use of low-bet 1 accciera-
ting structures in the inftial stace of this 1inac.
These struturee poendt 0osoduczdon of Lthe piozon in-
Jection enerpgy from the conventlonal 750 kel to 250 keV
and thus allows a malor savines In the coot and complox=
ity of the injectHr system.  To evaiuate the practical-
ity of these new concepts, a 230-neV proton injector has
been constructod.  This Injector conslavs of a 250-kV
accelerating celunn pounted on a grounded vacuum system,
a conventional duoplasmatron lon =ourco, and a separate
high voltaye equipment dume located Inside an interlock-
cd hipgh volrage safety cage.

Injector Doseription

_High Voltage Generator

The source of high voloye Is a commercial Cock=
croft-Walton pover supply with a maximum ostput ot 300-
kV at 1.4 mA,  The solid state voltage maltiplivr stack
13 mounted under the equipmeat dome anw seen in Fieg. 1.
The stack !'s driven by a 20=RV, H=kilr power vselllator
mounted noa rack Just caraide the hich voltace cacu,
The power gupply ts protected by avoer=valtowe ol over=-
current Hmitine feataresy remote voltage procramming
and sutety Interlocks are alse provided.

The power nreded to operate the equipment In the
high voltape done {8 supplied by a 5=kVA, n-kV {sola-
tion transformer, This comsercial Iselatlon tranitormer
han a modified polvethylene output lisalator and nses
unshiclded RG=19U cables to carry the a,c. power {nto
the dome,

High Voltage home and Equiprent

The high voltaze equipment done cons{sts of three
standard rack cabinets mounted on 4 In, PVC tubing, An

aluminum place is bolted across the top cf the two sup-
port structurcs. The Cockcroft-Walton viltage tuitipli-
er stack is mounted between these two structures With
the top ring of the stuck in contact wirh the aluminua
plate. 1he equipment racks are mounted on this plate.
Corona rings have been formed with 3-in. aluminum tubing
around the top and pottom ed;¢ of the cabinets. This
shiclding is adequate to prevent corona at 300 kV.

The equipment dome s located approxinmately in the
center .f a high voltage safety cage 9-teer wide and 16-
feet long, with a min.mum clearance of 3 te-t. The
isolation transformer leads enter one end of the Jor
through polethvlene bushings. On the other ond it
dome a 4-in. split aluminum tube carrics the pas,
and cooliny lines from the dome to the fon source, and
accelerating colutn. The safety cape door Is Interlol k-
ed to the h.th veitage power supply.
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Hiph voltage cquipment dome.

The Input power for the deae equipment
from the i{solatien tramatormer into an
panel. Lecated dn the cabinet with the Jdistributioa
pancel 18 the microprocessor svstem. This svetes con-
sists of a microprocessor cvate, an equipaent ot srrace
chiasais, and a fiber optic intertace pancl. lhis micro-
processor g connected througn the tiber opofe intortaee
panel to another microprocensos at ground potential
which s dinterfaced with the contral control mial=con-

s Frovashe
A dstritarion

puter. A deseription of the cemplete PIGME aceelerator
control avatem Ia discussed elaowhere tn this contoer-
cuce,' A four=channel one il logeope (8 adue located Ly

this cabinet to monfror soveral analop signals In the
dome, but during accecolerater opetation these shmals
will be transmittoed to a remote grownded osell toscope
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via sepirate linvar fiber optic channcls in the fiber
optic intcrface panel,

The middle Sinct in the cquipment dome contalns
all the electron.. cquipment necessary to nperats the
fon sourre. Basleally, thils equipment censists of ulx
power supplles Lo operate the duoj lawratron, ne power
supply for control circuits, and a tranulstor are palse
modulator. A flowneter gaugze for the hedrogen ras syib-
tem and the Plranl pressure gauge readost for the are
chanber arv also located In this cadinet.

The last cabinct in the dome houses the hydrogen
gas system and the fon source eoolin; water systewm. The
hydrogen g1s system consdsts of a small hedreoesen hott e,
a palladium leak, a hvdropgen flow transdaeer and a pres-
sure regulator connected to a zas manifeld, The ion
gource coolinp system is a small ivsten
which uses a submersible vane purp, a two liter polyeth-
elene rescervoldr, and a 19,000 BlIU/hr. antomntive heater
radiator with a 24 V The entire coollne system oc=

closed cvele

fan.

cupies less than two cabie feet, Al the lines from the
dome to the {on source can be removed canliy to allow
full access to the fon source and column,

Vacuum System

The arcelerating column {6 cantilevered ona ground-
ed vacuum manlfoid that farms part of the hilsh voleage
cage, The pumping for thil sesten 1s provided by a 55—
2/9 magnet e bhearing turberolecular pamp. It wad used
to minimiaze the posaihility of oll vapor contaalnaticn
in the high voltage reglon. This punp =alatalne a hase
pressure of 1 x 107 torr {n the column and operates at
2 x 107" rorr with a hydrogen gas tlow of 1.5 atm oo/
min. The last aperture In the aceclerating column has
been mounted vnto the vacaum manlfold to mininlze the
Zas flow From the coluwmn Into the beam Tine and to max=
imize the pumpluy of gas In the interelectrode reglon,

Accelerat ing Column and Ton Sourcee

The accelerating column Is constracted of elght
15.29=-1in. o.d. x 13.75=in, {.d, “lumina rings bonded to
0.020-1{n. thick titanlum washers, with a large stainless
steel flange mounted on eaweh end. Inls column was con=
structed at LAMPF vor the prototepe Y dntector, with
the tltanfum washers bonded to the ceramle with polycar-
bonte. The stainless steel Planges have heen mod 1 {ed
and bonded to the ceramie with Torv=seal for this fujoec-
tor. The column {s surroundcd by a Luclte jacket which
fs also cantilevered frou the vacunm manitold,  This
Jacket contalns the SF fasalatine p and can be 1l1led
to a pressure of 3 psly with no ctress on the columg
because of a allding vadial O=ting seal.

The voltayse dividing resisters and the apark paps
are lociated Inslde the fnsulatine gas, and rhe feed-
through to the eustractor electrode 15 mounted throui
the end plate of the Jacket.  The resistor atreing is
made up ot small %) M carbon wound corarmde resistors,
as seen In Fle 200 The total reststance for the voltaee
dividing network (s 1500 M, wiving o colunn registor
current of 197 .\, approxinttely the average beam cure
rent through the column.  The spark saps on the column
have a fixed gap, but the firine voltaee can be adlusted
by changingy the 8F, gan pressare In the Inualating jacket

The fon acurce and clectrade confipuratfon fostde
the column {8 shown In ¥Pip, Y. The re=entrant Jdesion s
required because of the hivh carrent needed from the {n=
Jector.  The fon source {8 a4 conventional duoplanmitron
which was bullt {n the development of rhe LAM 1Y fnfoe=
tor. Water coollupy L: necded ooty the Loteraediate
@lectrode amd arve magnet eolls o this applicatlon,  The
fllament s a standard bifilar ozlde-coated nlekel seveen

for

catliade,
Anurce housiog
ode !5 mounter!
S0 that IL can

uses
on the face of
hu blased with

1 Prr————— ;""‘.'—’-.W""—"_-""""t' nr
-,y
{.
- - g
] ‘ a. * ‘\ “
I - P AL [
| e AN N
. s »?
' " \ \ [ \
H \
A \
Fi ' ’l ' :
" ‘ 0
: V
l {h ‘
- bad

Fig. 2.

The
dre nounted on
with
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Flectrude Desipn

The eolumn vlcctrodes were desiened to give the fun
team extracted from the source o radial convergence of
two in order to make the beam small eanuzh Lo pass
through the 5-mu diamuter anertares in the buncher. The
calculations of Lany:ulr and dlodectt” were used to de-
termine the potential discribution along the edge of -
30-mA beam of pratons extracted from an 8-mn diameter
plasma surface In a sphericaily convergingy jeoncirv, The
soluticn of Lallace's ¢quation in spherical coordinates
was uscd to ohtain the equipotentialys tside the bean
at 0, 100, 200, and 250 kV. Electrodes woere then placed
at these equipotential sarfaces. The solution for the
Plerce anode is shown in Fiz. ). The shape deterained
for the other electrodes was essentfalv apherical, so
these electrodes were made with spherical surfaces.

After the electrode shapes had been determined by
thls analytical caleulatlon, this accelerating gvstem
was Rtudied with the lon bean code SL0W, This space-
charge particle code solves the Polason=Viacoy equstlon
in the plasma reglon.  The tratectorles of the particles
extracted frem the plasma ave “hen calculated throuch the
accelerating system, A uniform plasewt with sero vnit-
tance was assuned aod the resuats are shown in
This caleulation shows that the 3U-mA beam converoes to
a 3-om Aiamcter beam ac 29%) kV with the walst noar the
desired position beyond the exit ancrture of the column.

rie. 4.

Experimentai Resnltsa

The hipgh valtaee power supply and equipment donas
have operated ar N0 kV with ne corena trom the doae or
sparkin,g alony the rupport leps.  The gpark papr were
found to bLreak down {n oair onlyv a rew percent belvw the
design breardewn volt ses Wlth SF o oaas In the insula-
ting Jacket the colura oonditioned to 270 kY with Hiotle
difflculty and with normal operation of the resistor
string and <perk sapas The entire Indector vvstem has
been tested at 1AD KV, bedns limdted by the Blghvoltaee
stand=-of { In the oricioal {solation cranstorier. A beam
of 24 mAp current was obtained with an extractlon vol.o-
age of 32 kY, xividing a perveance for this extraction
gystem of 4.2 x 1077 AV Y, eassentially that measured
in the Inftial measarement of the extraction svston on
a tedat stand, where &3 mip current was obtained with
50 kV. The beam extracted In both tests was tound to
be of pocd cuality witn vo Indication of non=laninarity,

However, during o recent fnspection of the eolum
it was found that beanm had been frptaying on the edee of
the electrode apertarces,  Caleal atoss asine reallstls
plasma conditions revealod that o non=unttern plasma den-
alty and the finite transverae temberstare of the {opd
would account far bean Inplopement on these electrodes.
The oripdnal desten of e electre ey hal fnored these
conditions and the electrode aperturcs were set abt the
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edie of the 1dval beam envelops.  The dlameter of 1]
the electrode apertures was then enlarsed by, @ omemoand
the system was reallzned,  The system will be tested at
250 kV with the new 300 kV isolatlon transformer.

Conclusion

The 250 kV injector system builet for the PIGM! pra-

v study at Los Alamos Sclentifle Iaboratory, Incor-

s seviral new features to ackieve a compact, rel-

» inexpensive system.  The vacuunm purping s

. at ground potential and the acceleraring coleenn
i. ated separately from the hish voltage equipn
don. . A small high voltage power suppl- ang
domc, a compact cooling and gas svstenm, and o« e ially
available power supplics are used to rake the dinjector
design simple and to wewep the systen cost Jdown,

The accelvrating systen utilices a re-entrant spher-
icaliy converpent Picree peometry to achleve o snall
dense heam at the exIt ot the column,  The re-entrunt
{on source and electrodes are positioned «uch that there
1s rood pumping In the fnterelectiode recfong the clees
trodes can be adjusted for proper alisament.  The
vrating column uses a sinple epark gap and voltarse -
vider arrangement within the insulating gas.  This hish
voltage desipn for the column and the dome, altlermgah
very simple, has proven to be very reliable.

o=

Finally, even though the system has not vet heen
tested at the full Jesign voltage, Inltial data obhtain-
ed with the Injecte: has shown that the converplng Teeen
deslan works vory wiell and that the requived corres: oan
be extracted and focussed from chis accelerating, swsten.
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